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COMPLETE TANK TESTS OF TWO FLYING-BOAT HULLS
WITE POINTED STEPS - N.A.C.A, MODELS 22-A AND 35

By James M. Shoemsler and Joe W. Bell
SUMMARY

This note presents the results of complete tank tests
of N.A.C.A. ilodels 22-4 and 35, two flying-boat hulls of
the deep pointed-step type with low dead rise. HModel 22-A --
is a form derived dy modification of Model 22, the test re-
sults of which arse given in N.A.C.A, Technical Note No. 488.
Model 35 is a form of the same type but has a higher length-
bean ratio than either Model 22 or 22-A.

Take-off examples are worked out using data from these
tests and a previous test of a conventional model applied
to an arbitrary set of deslgn speciflcations for a 15,000~
pound flying boat. The comparison of these examp‘es shows
both pointed-step models to be superior to the conventional
form, and Model 35 to be the better of the two.

ilodel 35 is applied to a hypothetiecsl 100,000-pound
flying boat of the twin-hull type and performance calcula-
tions are made both for take-off and range. The results
tndicate that the high performance of this type of hull
will enable the designer to use higher wing and power load-
ings than are found in current practice, with a resulting
increase in range and vay load.

INTRODUCTION

The water chaaracteristics of a flying-boat hull of the
pointed-step type, ¥.A.C.A. Model 22, are presented in ref-
erence 1., The form of that hull was developed as a result
of observations of the behavior of conventionsal hulls run=
ning at high speeds and light loads. The type was expectsd
to have low resistance in the high-speed range, without a
corresponding increase in hump resistance. The results
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bPresented in reference 1 show that the low registanco at
nigh speods was realized, dbut that the hump resistance

for a given load coefriciont was somewhat hnigher than that
of a good conventional hull. The remedy for this undesir-
able condition appeared to consist of altering the fore-
body of Model 22, to give s longer flat on the forebody
Planing bottom., The tests of Model 22 also showed that =a
Pronounced roach, or feather, was formed aft of the stern-
Post at certain speeds. The addition of a tail extenslon
sultable for supporting the aerodynamlc control surfaces
was expected to suppress this roach. Kodel 22 was modified
according to tnese ideas, and the resulting form was desig-
nated Model 22-A.

The results of the tests on Model 22 indicated that
the type offered sufficient promise to warrant the appli-
cation of the pointed step to a hull of higher length-beam
ratio, suitable for use on a single-float seaplane or a
twin-hull flying boat. N.A.C.A. Model 35, having a length-
bPeamn ratio of 6.15, was desgigned for this purposoc.

Tests of these two models were made in the N.A.C.A,.
tank during November and December, 1933, The compleate
type of test was used in thisg investigation, inm order to
ocbtain design data sultable for seaplanes havinz a wide
range of gross loads and get-away speeds.

APPARATUS AND METHODS

The W.A.C.A. tank and associated equipment are dis-
cugsed in detail in reference 2. The apparatus uged in
making the present tests was as described except for a
change in the method of suspending the towing gear. This
change will be discussed in a future report.

The complete method discussed in reference 3 was used
in making the preseat tests. The procedure is to tow the
model at a serles of loads, speeds, and trim angles select-
ed to include any comvination of these variables at which
the hull may operate. The resistance, trimming moment,
spge% and draft of the step were measurod for each test
poiat. i}

An unusuvally wide range of loads wvas used in testing
ldodel 35 in order to reach the high load coefficients at
which the mocel would operate if applied to a float sea-
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plane or a twin-hull_flylng boat. The high 1ength-beam
ratio of Model 35 makes it applicable to these types’ as
well as to the conventional single-hull flying boat.

DESCRIPTION OF MODELS o —

’ #odel 22-~A was derived from Model 22, which ig de-
scribed in reference 1. The changes made in 22 to form
22-A can best be seen by comparing the lines of the two
models shown in figure 1. The forebody was lengthened
5.7 percent over that of 22 and the bow was made lower,
1-ed.uclng the curved portion of the buttocks and thus mak-
ing the straight portion of the buttocks extend much far-
ther forward of the step than in Model 22. A tall exten-
.slon of the type used principally for supporting the aero-
dynamic control suffaces was added %o 22~A. The maximum
beam, step depth, angle of dead rise, and afterbody shape,
exclusive of the tail extension, are the same as in Hodel
22. ' C

The lines of Model 35 are shown in figure 2. Model
35, like 22-A, has a deep pointed step, a horizoatal
afterbody, and a low angle of dead rise. The prlncipai
differences from 22-A gre a greater length-beam ratio, a
slightly longer forebody, and a 5° increass in the angle
of dead rise., The high length-beam ratio makes this modsl
applicable to float seaplanes and twin-hull fiying boats,
as well as to conventional single-hull flying boats. MHodel
35. was made without a tail extension aft of the sternpost
because its effect on the performance of Model 22-A had
been slight, These lines may be uwsed as theyare in a.de-
sign carrying the tail surfaces.on oubtriggers, or with an
added tall extension for a design carrying the surfaces on
the hull structure. : -

Both models were made of laminated mahogany and cov-'-
ered with plywood decks. The surface was finished with
several coats of grey enamel rubbed smooth.
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The principal dimensions of Models 22, 22-A, and 35
are:
Model 22 22-4 35

Length over-all, including tail _
extension, l1lunches - 98 .75 ——

Length from bow to afterbody

sternpost, inches 76 78.75 80
Haximum beam, inches 17 17 13
Depth over~all, inches 12 12 11
Depth of step, inches 2,94 2,94 2,94
Angle of dead rise, degrees 10 10 15
Angle between keels, degrees O 0 C

Complete offgets of Models 22-~A and 35 are given in tab-
les I and 1II, respectively.

RESULTS

ance, trim angles, drafts, and trimming momentg of Models
22-A and 35 obtained directly from observed data by deduct-
ing the usual tares as discussed in reference 3. The same
data, with the exception of drafts, are given graphically
in figures 3 to 8 for Model 22-A, and figures 16 to 20 for
Model 35, ZEach figure represents the dats for one trim an-
gle, giving resistance and trimming moment plotted againet
gpeed with the load on the water as the parameter.

All moments sre measured about the centers of moments
of the respective models as located in figures 1 and 2.
Tiie measured moments must be traasferred to the actual
center of gravity of any design to which the datas are ap-
plied., Moments that tend to raise the bow are considered
posgitive.

The trimming moments gund drafts at rest are given in
figures 9 and 10 for Model 22-A gnd figures 21 and 22 far
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#Model 35. These curves may be used to determine the wabter
line at rest for any load and center-of-zravity position.
The $trimming-moment curves also give the longitudinal
righting moments of the hull at rest.

FYondimensional results.- The number of independent
variables in the test data makes thelr application to de~
sign difficult. A method of avoiding the difficultiss and
reducing the number of varlables is discussed in reference
3. The procedure consists of determining the minimim Fe~
sistance and best trim angle for each speed and load by
Plotting resistance against trim angle for the given spesd
with the load on the water as s parameter. Curves of mini-
mum resistance and best trim angle are then plotted against
load for each speed. The results are reduced to nondimen-
sional form and plotted as curves of best trim gngle and
resistance coefficient at best trim angles against speoeed
coefficient with load coefficient as a parameter. Trim-
ning moments gt best trim angles are determined by plot-
ting trimming moments against trim angles for a given speed
and load and reading the moment corresponding to the best
trim angle from the curve. The results are reduced to non-
dimensional coefficients and plotted as moment coefficient
for best trim angle ggainst speed coefficient with the load
coefficient as a parameter,

The nondimensional coefficients are defined as follows:

A
Load coefficient OCp = —z

wb
R . X .
Resistance coefficient GR = ;EE , - -

M
Trimming-moment coefficient Oy = —3

Speed coefficient cv =

where A is the losd on the water, 1b.
R is resistance, 1b,
w 1is weight density of water, 1b./cu.ft.
b is beam of hull, ft,

M isg trimming moment, 1lb.-ft,



6 N.A.C.A, Technical Note No. 504

RN v is speed, ft./sec.
g ' is acceleration of gfa%iﬁy, ft-/secfa

Wote: w = 63.5 1b./cu. £4. for water in the N.A.C.A.
tanko

Nondimenslonal results are given graphically for
llodel 22«4 in figures 11 to 15 and for Model 35 in flgures
23 to 27.

curves are bellieved to be accurate within the following
limits:

Load +0.3 1lb.
Resistance 0.1 1b.

Speed ' +0.1 ft./sec.
Trim angle iO.l°

"Trimming moment 1 1b.-ft.
DISCUSSION

Reslistance characteristics.- The resistance of both
Models 22~-A and 35 was unusually low for all speeds and
loads. The curves of resistance coefficient at the best
trim angles against speed coefficient for Model 22-A (fig,
12) show that the increase of resistance with speed in
the high speed range is considerably less than that of a
coaventional hull. (See reference 4.) The improvemsnt
at hump speed in the ratio of load to resistance effected
by altering the forebody of Model 22 may be seen from the
comparison of the curves of A/R against CA for Hodels
22 and 22-4 in figure 15. At high speeds the resistance
of iodel 22-~A was somewhat higher than that of HModsl 22,
although the form of the planlng bottom actually in con-
tact with the water at these spoeds was the same in both
cases.s This increase is probably caused in part by the
higher air drag of the modified modsl.

The resistance characteristics of Model 35 are shown
by the curves of GR against Oy 4in figure 24 and A/R
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. .agalnst CA in f;gure 27. At hump speed the_resistagqe

' of this model for losd coefficients in the range ordinari-

ly.used for flying-boat hulls (0.4 to 0.8) is considerably
lower than that of any other hull fested in the N.A.C.A.
tank to~date. The resistance at given values of the speed
and load coefficients in the high speed range is lower
than that of a conventional hull (see reference 4) but
somewnat higher than that of YModel 22-A. At a load coef-
ficient of 1.2, which is within the range of loading gen-—
erglly used for single-float seaplanes, the value of A /R
at the hump for ¥odel 35 is about 4.5. Good conventional
floats usually have somewhat smaller ratio of load to re-
- sistance &t the hump. o

izoment charscteristics.- The curves of moment coeffi-
cient against speed coefficient for both Models 22-A and
35, (figs. 14 and 26) show a pronounced positive moment at
speeds somewhat above the hump. In some cases the moment
nay be great enough to prevent the pilot's maintaining the
best trim angle in thidy region. The resistance in this
range 1is not ordimarily. eritical, howvever, and a small de-
viation from the best trim angle would not cesuse a gerious
increase of take-off %time. or rua. Taroughodut the other
parts of the speed range the moments at best trim angles
are low and can probvably be controlled satisfactorily. 4n
exception to this statemeat may be noted ian figure 14, The
moment coefficients for Model 22-A at load coefficients of
0.5 and 0.6 show rather large negative values at the hump
speed. If load coefficients in this range are used in a
flying-boat. design, the center of gravity should prodbadbly
be placed farther aft than the center of norents shown in
figure 1, 80 that the best trim angle may be held at the
‘hump speed. . ' C

Spray formation.- Neither of- the models showed objec—
tionable spray characteristics. The bow blisters were rel-~
atively low, probably because of the low dead-rise angles,
The addition of the tail extension on Model 22-A served %o
suppress the roach formed at low speeds and heavy loads.
The roach was present in the case of Model 35, but could
probably be controlled in the same manner if the form were
applied to a flying-boat design. In the case of a seaplane
float there is, of course, no means of suppressing bthis
roach. The walke of Model 35, however, Was substantially
the same as that of a conventional seaplane float haviang

a pointed stern; hence, the usual clearance provided to
keep the tail surfaces out of the roach at low speeds

- should be gufficient.
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General behavior.~- We definite information on the por-
poising characterigstics of the pointed-step hulls 1s obtain-
able from the resistance tests. The construction of spe-
cial apparatus for the study of porpoising in the W.A.C.A,
tank is contemplated, and the relative behavior af various
types of hulls will be determined as soon as this equip-
ment is availedle. Although there 1s no reason to expect
undesirable porpoising from either lModel 22-A or 35, quan-
titative data on this point can only be furanished dy fu-
ture tank tousts with the special apparatus, or by full-
scale ‘experiments.

Some tendency toward directional instadility, extend-
ing over a small range of low speeds, was noted in refer-
ence 1 far Hodel 22, The same characteristic was observed
in iiodels 22~A and 35. Although it 1s unlikely that this
instability would cause troudble in an actual seaplane, an
attempt was made to reduce it by fitting spray atrips to

~the forebody chine just aft of the point of maximuu beam.
The strips used were 3/16 inch (1,4 percent of the beam)
in width and projected from the chine at an angle of 30°
below the horizontal, They extended longitudinally frem
a point 45 percent of the forebody length to a point 80
percent of the forebody length from the bow. The strips
reduced the tendency toward directional instability, ap-
parently by allowing the curved sides of the forebody to
run dry at a ‘lower speed. The effect on the resistance
and trimming moment was small. Some of the instability,
epparently arising. from the flow over the curved sides of
the afterbody at low speeds and aeavy loads, persisted af-
ter the addition of the spraystrips. This characteristic
has also been observed in conventilonal hulls having pointed
afterbodies, and counld probadly he controlled by the addi-
tion of spray strips forward of the stermpost if the con-
ditimn were troublesome. '

Tae~off examples.- Although the relative resistance
of various hulls can be compared in a general way by means
of the curves of A/R plotted against Cp (figs. 15 and
27), the comparison is somewhat obecured when hulls of
different length-beam ratios are being considered, The
curves give a direct comparison on the basis . af equal
beams for & given load, Model 35, however, would crdinari-
1y have a narrower beam for a given application than a hull
of lower length-beam ratio, both bscause the best compro-
mise between the hump and high-speed resistance requires a
smaller beam, and because the weight of the loager hull
would be excessive if the beams were made ecual., Actual
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take—off calculations offer a better basis of comparison;
hence, several examples are included hers. . —

The first set of examples compares tiae performance of
iiodels 22-A and 35 with that of a hull of the conventional
American type, HModel 1l1-A (reference 4), applied to a hypo-
thetical flying boat. The design data gssumed are the same
as those used in the examples in references 3 and 4:

Gross load 15,000 1b.
Wing area 1,000 sq. ft.
Power 1,000 hp.

Effective aspect ratio,
considering ground seffect 7.0

Parasite drag coefficlent,
excluding naull 0.05

Airfoil Clark Y

The method of calculating the talte—~off performance
from complete tank test data is described in detail in
reference 3; hence, only the resultsg of the calculations
will be given. The method of selecting the beam of a
hull of given form, outlined in that reference, is not en-
tirely satisfactory for Model 22-A. The method consists
of choosing the beam so that the margin of thrust in the
hlgh—speed rgage is approximstely the same as that at the
hump. The unusnually low resistance at high speeds of this
model permits the use of an excessively large beam, with-
ocut serious reduction of excess thrust near get-away. The
resulting water resistance is low throughout the take-off,
but the weight and air drag of the hull are uinezsgsarily
large, For these examples it was therefors decided to se-
lect the beams for the variocus forms so as to gilve approzx-
imately equal weights for the three hulls, which was done
by making the product of the bean times tho length from
the bow to the aftervody sternpost the same in the three
cases. The Deam used for iodel 11~-A (reference 4) was de-
termined for the same design conditions as 8.07 feet. The
length corresponding to this beam is 36,0 feet from tne bow
to the afterbody stermnpost.

The curves of air drag, total resistance, and propél-
ler thrust for the three cases are shown in figure 28. The
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thrust curve is that used in the exaiple in reference 3,
The ezcess thrust shown in figure 28 was usad to calculate

the curves of 1l/a
tion and V

manneyr described in reference 3.

and V/a

{whore a

is tlhe accelera~

the speed) shown ia fignres 29 end 30, in the
The take-off time for

each case is given by the area under the l/a earve and the

run by the area u

nder the

v/a curve.

It shonld be noted

that the get-away speed indicated by extrapolation of the
angle~of-attack curve was not exactly the same for the

three casges,

All three were assumed to bve telren off at

103 feet per second by means of a elight pull-up at get-

away.

A summary of the take-off performance of the three
hulls 1is given in the following table:

iiodel
Beam, ft.

Length (to aft
sternpost),

Initial GA
Wing setting,
‘Taze-0ff time,

Take-off run,

\point

erbody
ft.

degrees
sec.

ft.

11-4

8.07

36.0
0,445
6.7

38.0

2,410

22-4 _85_
7.92 6.87
367 42.3
0.471 0,723
6.1 4,4
33.6 3l.5
1,220 1,860

The foregoing comparison shows that a hull of the

ed-step type with low dead rise uay give g consider-
edbly shorter take-off than a coaventlonal hull,
plied to tho same seaplane design.
high-performance hulls in general, howsver,

when ap-

The importance of

lies in thetir

ability to take off with adbnormally high wing and powor

loadings,

a larger range and/or pay load tuan thoge now in use,
order to show the possibilities of such a degign,

thus permitting the dosign of seaplaneos having

In
the test

date for Model 35 will bpe gpplied to a hypothetical twin-

hull flying boat of 100,000 pounds gross load,

In order

‘o obtain the full advantage of the good performance of

this model,

the wing and power loading should both be made
large, and the parasite drag reduced to a minimunm,
design will have a high ratio of useful load,

Such a
together with

a reasonably fast cruising speed at low fuel consumptioan.
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The aspect ratio can be rather low in order to save struc-
tural weight, since the induced drag is of primary impori-
ance only in climb - a minor consideration for a long-range
flying boat.

An outline drawing of the hypothetical flying boat
used in this example is shown in figure 31l. _The engines
are housed within the wing and drive through the leading
edge. THe cooling system shouwld be of the vapor type, us-—
ing the wing surface for radiation. This arrangement sesms
to be feasible in the light of present knowledge, and is
necessary to reduce the cruising drag to a point where non-
stop transoceanic flights can be made with reasonable pay
logd,.

The essential design data used in this example are as
follows:

Gross weight 100,000 1b
Wing area : 4,000 sq. ft,
Total power 5,000 hp.
(eight engines of 625 hp.)
Aspect ratio ' 4.5
Airfoil N.A.C.A, 4315 (data

talren from N.A.C.A.
T.R. No. 460)

The 1ift and drag curves assumed for this £flying boat
are shown in figure 32. It should be noted that the ground
effect with a water clearance of 15 feet and a span of 135
feet, calculated by the method given in reference 5, in-
creases the effective aspect ratio for take-o0ff to 8.3,

The beam of each of the two hulls was chosen as 10.92 feet,
corresponding to a load coefficient of 0.55 and a load-re-
sistance ratio of 6.5 at the hump speed. The angle of wing
getting, determined by the method outlined in referencs 3,
was 6.8°, In the take-~off calculation, hawever, a wing
setting of 5° was used, since the resulting take-off per-—
formance is only slightly worse, aad the air drag of the
hulls at cruising speed would be somewhat less.

The curves of thrust and total resistance for the
take-off example are shown in figure 33. Two thrust curves
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are shown. The lower one is based on eight engines of 635
hp. each, driving fixed-pitch proreliers designed for 1,800
r.p.m. at top speed. The other wzs celculated for the same
engines driving controlladble propellers at 1,500 r.p.m. The
propeller data were taken from figure 6 of reference 6, Al-
though the tests were made with the propeller in front of a
completely cowled radilal engine, they probably apply fairly
well to an installation such as tkat assumed in this exam-
p-’le.

‘The curves of 1/a and 7/a calculated from the
.curves of -figure 33 (using the thrust for controlladle pro=~
pellers) are shown in figure. 34, Integration of the areas
under the curves shows the take~off time with no wind to be
64 seconds and the run 5,230 feet. The high power loading
causes the fPake=off to be relatively long, in spite of the
fact that the excess thrust is large compared to the total
registance,

As a matter of interest the range of this hypothetical
flying boat was calculated by the method given in reference
7. Controllable propellers were assumed in this calcula—~
tion, and enough enginss cut out as the fuel load was re-
duced to hold the operating engines at about two thirds
maximum power. The specific fuel consumption was assumed
to be 0.5 pound per drake horsepower howur.

- The gross load at take-off was assumed to be made up
.0f" 50,000 pounds empty welght, 2,000 pounds of oil, and
48,000 pounds of fuel and pay load., The curves of figure
3% saow the results of the range calculations in terms of
pay load plotted against range. The average ¢ruising air
speed is taken as 145 miles per hour. This wvalue 1s some-
what above the speed for maximum range with no wind, but
gives about the maximum possible range with a 30-mile~per-
hour head wind. The calculated top speed of the seaplane
is 188 miles per hour.

It may bPe noted that a pay load of nearly 14,000 pounds
could be carried 2,400 miles against a 30-mile-per-hour
head wind. This is about the distance of the longest non-
stop flights required for several potential transoceanlc
air routes. Although this ratio of pay load to grose weilght -
is rather low, the load carried per rated horsepower is
about 2,75 pounds, nearly as much as that carried by high-’
speed-transport land planes.
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CONCLUDING REMARES

- - . . . — _

. b, ’ LTl - -

LIS

The test repgults of Hodels 22-A and 35 show that the
pointed-step type of hull with low dead rise is capable of
~ giving. somewhat better take-off performance than any hull
of conventional type so far tested in the N.A.C.A. tank.
The linesgs and data for Model 22-A are applicable to single~
hull flying boats, and those of Hodel 35 %o a range of de-
signs including single~- and twin~hull flying boats and
single~flogt seaplanes. The low resistance of these hulls,
perticularly at high speeds, suggests the possibllity of
increasing the range and pay load of flying boats of clean
aerodynamic design, by the use of wing and power loadings
higher than those found in current practice.

Wind-tunnel tests to determine the air drag of the
pointed-step models, as well as that of a number of models
of otker types of hull, are in progress and will be report-
ed in the near futurse.

Langley Memorial Aeromautical Laboratory,
National Advisory Committee for Aerongutics,
Langley Field, Va., July 23, 1934.
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TABLE I

Offsets for N.A.C.A. Nodel No A23-4 Flying-Boat Bull (Inches)

Distance below base lins Half-breadths
8ta.|Dist.| Ksell B 1| B3 |B 3 |B 4 |LowerjLower|Middle |[Upper|CUppexr|Lower |Middle Ugipe: ¥.L.1{¥.L.3|{¥.L.3
Bo. |from 1 chine| cove| ohins| oovelohins]ochine &{ chine & ohine
F.P. 1.80} 3.80| 5.40 | 7.80 cove upper - 1330.00] 8.00| 6.00
oove
F,.P. o] §.00 65.00 0.15
1/4 | 1.30} 8.77 5.86 1.38 0.33| 0.70
1/3 | 3.40] 9.88| €.85 8.35 3.38 .84} 1.83
1 4.80)10.74] 8.88| 7.49 7.33 4.08 0.53| 3.08
1~1/2| 7.30]11.32{10.01| 8.88( 8.835 8.34 5.45 1.66! 4.84
3 9.60]11.687]10.78) 8.90| 8.34 8.00 8,51 2.94
3 |14.40}11.96|11.48{10.98 110.49 110.10(10.01 7.868 - 6.85
Elements of Statlons
4 19.80(12.00 — Btraight lines from—»{10.48 8.40
here aft
] 34.00 10,53 8.50‘
52 |29.00 1053 .80
8 31.58 10.B64| 7.80| 7.83 . 8.43 8.80
7 }36.35 lpigtence from cen- |10.83( 7.68| 7.83 7.90 | B.47 3
8 41.18 ter line (plane of |10.93| 7.98| 7.83 6.39 8.33 Distance from
Q9 |45.95 13‘00 sym;xe{:ry) zo 'bu.;- 11.39( 8.45] 7.88 3.83 8.04 base 1line to
4. too! aection o > water line
10 |50.78]7g ge O T o1e |18.00{ B.08] 7.77 .16 | 7.58 eaotion of
11 55.65 by vertical plane 7.89 | 6.33| 8.33 8.83 6,87 hull surface
132 [60.35 perallel to plane 8,07 | 8.03 5.84 made by a
13 |85.15 of symmetry). 8.38 | 6.78 4.83 horizontel
14 89.95 8.63 5.83 Bt. 3.83 8t. plane parsllel
- 1line line to base lins).
15 74.75 1 8.80 5.83 1.83
s.p.|78.75] 258 9.08 | 5.50 ], .15
T.P.|[98.75| 2.69 3.83 18
TABLE II
Offsets for N.A.C.A. Model No. 35 Flying-Boat Hull (Inches)
Digtance below base line Half-breadth
Sta. {Digt,. | Keel|{ Bl |B 3 (B.3 | B 4 |Main | OCove | Upper | ¥Ksin |Cove Ugiper ¥.L.1|¥.L.3(¥.L.3|¥.L.4[W.L.E
Ko. from 1 chine ohine{ chine chine [
F.P. 1.30 | 3.80 | 3.80| 65.30 10.00| 9.00| 8.00| 7.00| 8.00
F.r. | o | 5.00 5.00 Tan.to
1/2 | 1.36| 8.35] 8.48 | B.85 | 8.60 3.88 0.28| 0.85{ 1.87
1 3.B0| 9.37] 7.87 | 6.83 8.13 3.86 0.33} 1.00{ 8.00
1-1/3| 4.76|10.33|.9.04 | 7.9817.30 8.98 4.94 0.37| 1.34| 3.56| 4.83
3 7.00{10.76| ©.83 | 8.93 | 8.34( 7.77 7.68 5.B8 1.04| 3.49| 4.49
3 11.60[10.99(10.48 [ 9.91 [ 9.38 | 8.94 8.85 8.38 2.40| 4£.97
. Elements of statlions
4 16.00|11.004—Straight lines f:om—ﬁ 9.14 8.48
here afb
& |20.50 8.29 6.50 2
8 36.00 b3 Digtance from bass line %o
7 28.850 8. 6.35),8.35| 8.6560 [8.50 ) 6.60, water line (sectlon of hull
8 34.00 1pigtange from center |©.35 | 6.41|¥68.35( 6.35 |6.25 | 8.50 surfece made by a borizon-
] 38.60 line {plens of s{n— 9.56 | 6.83 .38| 5,48 |5.48 | B.44 tal §1|.ne parallel %o base
10 43.00 metry) to buttoc 9. 6,086 6.41| 4.80 |4.230 | 8.35 line).
11 47.60 {section of hg.ll 1.0.38 7.44¢| 8.49| 2,40 |3.40 | 5.97
12 [s2.00| 00| SEITa0t e per- 100 |8.08| 8.80{ .10 | .10 {5.54
13 .56.80 allel to plans of 8.78 4.94
14 61.80 symmatry) 8.98 4.16
15 88.40 7.30 3.31
18 71.30 ?7.47 2.30
17 76.00 7.768 1.33
8.P. (80.00f{ 8.08 8.01 .30
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TABLE III

Test Data for N.A.0.A. Model No. 33-A Flying-Boat Full

53° F.

Water temperature,

Kinematic visoosity = 0.0000140 f£t.2/gec.

Water demsity, 63.5 1B./ou.ft.

Positive moments tend to raise the bow

Note:
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TABLE III {Continued)

Test Date for W.A.0.A. Model No. 33-A Flying-Boat Hull

° F.

Kinematic vigcoasit

¥ = 0.0000140 £%.3/sec.

Weter density, 63.5 1lb./cu.ft.

Water temperature B3

Note.

Positive moments tend to raise the bow
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TABLE III (Qontinuaed)
Test Data for N.A.C.A. Model Wo. 33-A Flying-Boat Hull

Kinematic viscosity = 0.0000140 ft.3/sec.

Water density, 83.5 1lb./ou.ft. Water temperature 63° F.
Nots: Posltive moments tend to rsise the bow
Trim angle, T = 70 Trim angle, T = 11°
Load [8peed |Resistance |Trimming|Draft | Load|Speed | Resistanoce|Trimming
1b.|f.p.8. 1b moment at ib.|f.p.s. 1b. moment
1b.-f5.{ step 1b.-L%.
in.

80 |32.6 13.0 33 3.4 80 }J1il.8 15.0 - .
26.3 13.7 9 3.3 -13.7 16.4 -34 4.5
30.4 13.1 ~1 1.8 14.4 18.7 =17 4.1

14.8 18.7 -11 4,1

100 6.4 5.9 =56~ 5.9 16.4 17.0 1 3.7
7.1 11.4 =44 8.0

8.7 18.8 -18 6.0 100 [1l1.6 30.0 - 5.7

8.6 19.3 ~8 8.1 13.9 19,3 =30 5.6

8.9 18.0 -8 5.® 14.8 0.5 1 4.9

11.8 80.6 -5 5.8 16.3 3l. 19 4.8
13.6 33.3 8 5.8
14.6 33.1 38 5.4
18.0 23.7 86~ 5.3

Trim angle, T = 99

30 [14.8 3.8 -18 1.8
18.3 4.3 -13 1.8
18.0 4.8 ~13 1.7
19.5 4.8 -13 1.6
31,9 B.1 =15 1.2

40 |10.2 7.0 -33 3.3
11.8 6.9 =38 3.9
13.8 7.1 -30 3.7
14.7 7.4 -8 3.6
18.3 7.8 -7 3.4
18.3 7.4 -8 3.3
19.3 7.4 -5 3.3
31.8 7.8 -8 1.7

60 |10.1 10.9 -36 4.3
11.0 10.68 =33 4.0
13.8 10.7 -17 3.9
14.8 11.0 23 3.4
18.4 11.0 -] 3.8
18.0 10.8 10 3.0
19.8 10.9 4 3.4
33.0 11.0 -1 3.3

80 j10.0 14.3 =40 B.l
11.3 16.3 ~36 6.0
11.4 15.1 ~33 4.8
13.7 14.3 =156 4.8
13.3 14.2 -8 4.8
14.1 14.4 7 4.4
18.3 14.8 34 4.1
17.8 156.0 33 3.8
18.6 14.8 26 3.8
31.0 14.3 18 3.8

100 | 8.8 18.1 -44 6.8
11.1 19.3 -4l 6.7
11.3 19.3 -38 6.5
13.7 31.3 -3 5.8
14.3 18.3 17 5.8
18,1 19.3 53 4.9
18.3 18.9 88 4.3
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TABLE IV

Test Data for N.A.Q.A. Model No, 35 Flying-Boat Hull

°F,

Water temperature 5O

Positive moments tend to raise ‘the bow

Kinematioc vimcosity = 0.000014B ft.a/seo.

¥ater density, 63.5 1lb./ou.ft.

Note:
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TABLE IV (Continued)

Test Data for N.A.C.A. Model No. 35 Flying-Boat Hull

50° F.

0000145 f£t.2/se0.

Einemetioc viscosity = O

Jou.f%.
Positive moments tend to raise the bow

Water temperature

Water density, 63.5 1b.

Note:
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Water density, 83.5 1lb./ou.ft.

TABLE IV (Continued)

Kinematic viscosity = 0,0000146 £t.3/sec.
Water temperature BO° F.

Test Datae for N.A.0.A. Model No. 35 Flying-Boat Hull

Note: Positive moments tend to raise ths bow
Trim engle, T = 7° Trim sngle, T = 8°
Loed|Speed |Resistance|Trimming|Draft | Load|Speed |Resistance|Trimming|Drafi
1b.|f.p.s. 1b. moment | at ib.|f.p.8. 1b. moment | at
1b.-ft.| step 1b.-ft.| step
in. in.
100 4.9 3.7 =43 7.4 80 8.1 8.5 -45 7.0
7.3 10.8 -3l 7.8 8.6 1l.1 =34 8.9
8.1 15.1 -10 7.3 9.6 13.0 -33 8.8
10.9 18.9 -7 7.0 11.9 i5.0 -30 8.3
13.3 33.6 11 8.8 14.0 18.7 0. 8.1
15.4 38.6 53 7,0 18.8 16.0 i8 5.8
18.3 36.0 69 6.4 19.0 | . 16.1 37 5.0
30.4 33.8 73+ 8.1 al.1l 16.3 a7 4.6
33.0 8l.1 73+ B.B 33.5 16,1 ' 81 4.0
356.3 17.3 70+ 4.3 37.0 15.0 & 3.3
130 5.0 8.3 =38 8.3 100 8.0 7.0 -45 7.8
7.8 13.5 ‘=18 8.3 8.8 13.8 -30 7.8
g.1 18.4 -8 8.1 9.8 15,8 =31 7.8
1l.1 32.8 -3 7.8 11.9 18.8 -10 7.8
13.9 31.9 7 7.1
Trim angle, T = g° 17.3 31l.1 39 8.8
18.5 30.3 63 8.3
30 8.4 3.8 -87 3.7 30.3 30.0 83 5.8
8.8 3.6 =35 3.4 33.5 19.3 &0 4.7
8.9 3.7 -36 Z.0 37.0 18.9 33 3.8
11.9 3.7 -37 3.7
1l4.4 3.8 -33 3.4 130 8.1 13.1 =40 8.9
18.4 4.0 =19 3.4 8.6 18.9 -18 8.8
18.1 3.9 -17 2.3 9.8 81.3 =19 8.7
30.4 4.0 -14 3.0 11.8 38.1 -3 8.3
40 8.2 4.3 =37 5.1 Trim angle, T = 11°
8.8 8.4 -38 4.7
10.0 7.1 -33 4.6 80 | 10.8 13.5 =40 5.8
13.0 7.1 -37 4.3 14.1 13.1 -31 4.9
14.4 7.8 =33 3.7 15.8 13.0 -37 4.5
18.9 7.1 =15 3.7 7.8 13.0 =33 4.1
18.5 7.8 -14 3.3 80.0 13.1 =33 "3.8
30.9 7.4 =11 3.9
80 10.9 15,8 -43 8.8
80 8.3 5.8 -44 8.0 13.3 18,1 -33 8.3
. 8.6 9.0 =35 6.9 15.4 17.4 -14 5.5
9.7 10.0 -34 5.8 17.8 17.4 =7 4.9
13.1 11.3 =33 5.3 30.0 1i7.3 -8 4.5
14,1 10.7 =14 4.8
16.8 11.3 -1 4.7 100 | 10.8 18.4 -38 7.8
18.8 11.3 3 4.1 13.4 33.1 -14 7.8
31l.1 11l.1 -] 3.7 15.4 31.7 3 8.7
33.0 1l.3 -3 3.4 17.8 33.0 15 5.9
36.3 11.3 -8 8.9 :

a
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Figure 1.~ Lines of N.A.C.A. model 22-A
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Figure2.- Lines of N.A.C.A. model 35
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Figs. 5,6
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Figure 28.— Thrust and re-
sistance of
15,000 1b. flying boat.
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